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Abstract
Background: Studies on readmissions attributed to particular medical conditions, especially heart failure, have
generally not addressed the factors associated with readmissions and the implications for health outcomes and
costs. This study aimed to investigate the factors associated with 30-day unplanned readmission for 10 common
conditions and to determine the cost implications.
Methods: This population-based retrospective cohort study included patients admitted to all public hospitals in
Hong Kong in 2007. The sample consisted of 337,694 hospitalizations in Internal Medicine. The disease-specific risk-
adjusted odd ratio (OR), length of stay (LOS), mortality and attributable medical costs for the year were examined
for unplanned readmissions for 10 medical conditions, namely malignant neoplasms, heart diseases,
cerebrovascular diseases, pneumonia, injury and poisoning, nephritis and nephrosis, diabetes mellitus, chronic liver
disease and cirrhosis, septicaemia, and aortic aneurysm.
Results: The overall unplanned readmission rate was 16.7%. Chronic liver disease and cirrhosis had the highest OR
(1.62, 95% confidence interval (CI) 1.39-1.87). Patients with cerebrovascular disease had the longest LOS, with mean
acute and rehabilitation stays of 6.9 and 3.0 days, respectively. Malignant neoplasms had the highest mortality rate
(30.8%) followed by aortic aneurysm and pneumonia. The attributed medical cost of readmission was highest for
heart disease (US$3 199 418, 95% CI US$2 579 443-803 393).
Conclusions: Our findings showed variations in readmission rates and mortality for different medical conditions
which may suggest differences in the quality of care provided for various medical conditions. In-hospital care,
comprehensive discharge planning, and post-discharge community support for patients need to be reviewed to
improve the quality of care and patient health outcomes.
Background
Hospital readmission rates have been proposed as an
important indicator of patient health outcome and
healthcare system performance [1-4], and they are also
regarded as an indicator of poor care or a lack of coor-
dination of care services. The costs associated with read-
mission are also very high [5]. In a report by the World
Health Organization in 2005, readmission was cited as a
key undesirable outcome of healthcare systems, and
reducing readmission rates was cited as one of the top
strategic priorities [1], with which Hong Kong con-
curred. Public healthcare services in Hong Kong are
heavily subsidized by the government. Eligible patients
pay approximately US$13 per hospital day including all
types of services and medication, and all fees and
charges are waived for those on public assistance [6].
The increasing readmission rates will have a significant
impact on future health-care costs in Hong Kong. * Correspondence: lywong@cuhk.edu.hk
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community-based support have been established to
reduce hospital readmission rates. However, despite the
success of efforts in launching the programs, their effec-
tiveness in reducing readmission rates are inconclusive
[2,7-9], and a number of studies have shown no cost sav-
ings to service providers [10-15]. Several reports sug-
gested that programs aimed at reducing readmission
rates should focus on those conditions at high risk of
readmission [12,16-19]. Thus, it would be desirable to
identify such conditions to guide efficient resource utili-
zation, and to support the cost of programs and services
to those likely to benefit most [20]. Numerous publica-
tions have investigated patient factors associated with
readmission; the findings show that age, gender, marital
status, insurance status, socioeconomic status, employ-
ment status, living conditions, and discharge destination
are possible predictors of readmission [1-3,21-26]. A
number of studies suggested that a focus on patients with
defined medical conditions would yield a higher reward
in terms of reducing readmissions in the general inpati-
ent population [27]. Although there is literature on read-
missions attributed to particular medical conditions,
especially heart failure, few of these studies addressed the
broader issues involving the impact of variations in dis-
ease conditions on readmission, and the implications on
health outcomes and costs.
In this study, we examined two key aspects: (1) patient
characteristics in 10 common medical conditions and
their impact on unplanned hospital readmission; and (2)
the implications in terms of health outcomes and costs.
Methods
Study Design
The Hong Kong Hospital Authority (HA) computer-
based clinical database (Clinical Disease Management,
CMS) for calendar year 2007 was used to examine read-
mission patterns, related disease profiles, health out-
comes, and costs in the study. The HA as a public
organization is responsible for more than 90% of hospi-
tal services in Hong Kong, and hospital services are
organized into seven organizational clusters, each ser-
ving a geographical region with a population of around
one million. Each cluster has one or more acute hospi-
tals that admit seriously ill patients from emergency
units, and one or more rehabilitation hospitals which
admit transfer patients from the acute hospitals for
rehabilitation and convalescence. The CMS computer
system includes the patient’s demographic data and clin-
ical data upon admission and discharge. The principal
diagnosis was coded at discharge according to the
World Health Organization 9th International Classifica-
tion of Disease (ICD-9).
Study Population
All patients admitted to the wards of the Internal Medi-
cine departments of all public hospitals in Hong Kong in
2007 were identified. Day patients, defined as having a
patient-stay of less than 24 hours, were excluded.
Definition of unplanned readmissions
To determine patients with unplanned readmissions, the
first or initial instance in a series of hospitalizations was
identified. The first hospitalization in 2007 was identi-
fied as the index hospitalization, and a 30-day
unplanned readmission was defined as a subsequent or
unscheduled admission to the same specialty through
the Accident & Emergency Department within 30 days
of the index hospitalization [28].
The 30-day timeframe is commonly used in studies in
the United States [29-32], whereas a 28-day timeframe is
commonly used in the United Kingdom [33-36]. Based
on statistical modelling, such as survival analyses as well
as sensitivity and specificity analyses, two studies had
mathematically demonstrated that 30 days was an opti-
mal choice for identifying readmission rates [37,38].
Thus, we used 30 days as one of the criteria to define
unplanned readmission.
Selection of Medical Conditions
For analysis of the disease in relation to readmission, 10
medical conditions with the highest burden of mortality
and morbidity in Hong Kong were chosen for this study:
(1) malignant neoplasms (ICD9: 140-208); (2) heart dis-
eases, including hypertensive heart disease (ICD9: 390-
429); (3) cerebrovascular disease (ICD9: 430-438); (4)
pneumonia, all forms (ICD9:480-486); (5) injury and poi-
soning (ICD9: 800-999); (6) nephritis, nephritic syndrome
and nephrosis (ICD9: 580-589); (7) diabetes mellitus
(ICD9: 250); (8) chronic liver disease and cirrhosis (ICD9:
571); (9) septicaemia (ICD9: 038); and (10) aortic aneur-
ysm (ICD9: 441) [39].
Statistical Analysis
The admission profile of patients, including patients’ char-
acteristics and clinical health outcomes of the hospitaliza-
tion (30-day unplanned readmissions vs. other admissions)
were determined and differences were evaluated using the
chi-square test or Student t-test. For patients with 30-day
unplanned readmission, length of hospital stay (LOS) and
health outcomes (alive or death) for each medical condi-
tion were evaluated. Any admission which was within 30
days of the previous discharge (index admission) was
counted as unplanned readmission. A hospital transfer
was not considered as a discharge case.
To explore the excess risk of unplanned readmission
caused by each medical condition, the disease-specific
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were estimated using logistic regression analysis, and all
ORs were adjusted for age, gender, receipt of public
assistance, residence in an elderly care home, residential
district, and cluster of the admitting hospital. Applying
attributable risk analysis, we calculated the fraction of
unplanned readmissions which could be attributed to
each of the selected medical conditions. We then deter-
mined the attributable costs using a value of US$486 for
an acute bed and US$233 for a long-stay bed, and an
exchange rate of US$1 to HK$7.8 [6]. The attributable
costs were calculated only for conditions with an OR for
hospital readmission significantly greater than 1. To cal-
culate a range for the best estimate of costs, we used
the upper and lower limits of the 95% confidence inter-
val (CI) for risk estimates. We used Stata version 10.0
(StataCorp, College Station, Tex) for all statistical
analysis.
Results
Overall Patient Characteristics and Health Outcomes
There were 337 694 hospital admissions in Internal Medi-
cine in all 38 public hospitals in Hong Kong in 2007. As
shown in Table 1, the mean age of the patients was 69.5
years (standard deviation (SD) 17.4), 52.7% were men,
30.8% received public assistance, 19.5% resided in an
elderly care home, and the mean mortality rate was 5.1%.
The mean LOS was 5.9 days, with the proportion of acute
stay patients being 88.1% and rehabilitation stay patients
being 11.9%. The admission rates were similar in the
seven geographical clusters, ranging from 9.3% to15.3%,
except Cluster 2 which had a particularly high admission
rate of 29.1%. The overall proportion of 30-day unplanned
readmission episodes was 16.7%.
Differences between 30-day Unplanned Readmissions and
Other Admissions
Table 1 presents comparisons of patient characteristics
and health outcomes between 30-day unplanned read-
mission episodes and other admission episodes. Patients
with unplanned readmission were significantly older
(mean age 75 years; SD 14.6 years, p < 0.001), and were
m o r el i k e l yt ob em a l e( 5 3 . 7 % ,p < 0.001), to receive
public assistance (44.3%, p < 0.001), and to live in an
elderly care home (34.6%, p < 0.001). The mortality rate
of unplanned readmissions was 8.9% and the mean LOS
was 6.6 days (SD 9.8 days). Both the mortality rate and
mean LOS for unplanned readmissions were statistically
significant higher and longer than all other admissions
(p < 0.001). The readmission rates were also significantly
different (p < 0.001) in different clusters, with Cluster 1
(16.0%), 3 (13.9%), and 7 (10.7%) having higher rates
than the others.
30-day Unplanned Readmission-Related Mortality Rates
for each Medical Condition
In the 30-day unplanned readmission group, the mortal-
ity rates for the selected medical conditions ranged from
1.8% to 30.8% (Table 2). The medical condition with the
highest mortality rate was malignant neoplasms (30.8%),
f o l l o w e db ya o r t i ca n e u r y s m ,pneumonia, chronic liver
disease and cirrhosis, nephritis, nephritic syndrome and
nephrosis, septicaemia, cerebrovascular disease, heart
disease, injury and poisoning, and diabetes mellitus.
Excess Risk of Unplanned Readmission in each Medical
Condition and its Costs
Table 3 shows that the adjusted excess risks of 30-day
unplanned readmission among the 10 medical condi-
tions. The risk-adjusted OR of unplanned readmission
was significantly greater than 1 for five medical condi-
tions: malignant neoplasms, heart disease, pneumonia,
chronic liver disease and cirrhosis, and septicaemia.
However, the ORs of unplanned readmission for cere-
brovascular disease, aortic aneurysm, diabetes mellitus,
and injury and poisoning were significantly less than 1.
As shown in Table 4, the mean LOS for the 10 medi-
cal conditions varied from 5.6 to 9.9 days. Patients with
cerebrovascular disease had the longest mean LOS, with
mean acute and rehabilitation stays of 6.9 and 3.0 days,
respectively. Patients with diabetes mellitus had the
shortest hospital stay, with mean acute and rehabilita-
tion stays of 4.9 and 0.7 days, respectively. From the
results in Table 3, we determined the attributable cost
of unplanned readmission for the five medical condi-
tions with high ORs for hospital readmission. The attri-
butable cost of 30-day unplanned readmission was
highest for heart disease (US$3,199,418), followed by
pneumonia, malignant neoplasms, septicaemia, and
chronic liver disease and cirrhosis (Table 4).
Discussion
Principal Findings
In this cohort study of 337 694 hospital admissions in
Internal Medicine in Hong Kong, a moderate 30-day
unplanned readmission rate was identified. Our findings
showed associations between patient demographics and
geographical hospital cluster and 30-day unplanned
readmission. After adjusting for these risk factors,
patients with chronic liver disease and cirrhosis were
more likely to have unplanned readmission. Patients
with cerebrovascular disease were least likely to have
unplanned readmission but had the longest LOS of 10
days. Malignant neoplasms had the highest mortality
rate followed by aortic aneurysms and pneumonia. The
attributed medical cost of 30-day unplanned readmis-
sion was highest for heart disease.
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A moderate 30-day unplanned readmission rate of 16.7%
was identified, compared with an overall 30-day read-
mission rate of 5-29% in the United States [40], an over-
all 28-day readmission rate of 15.3% in the United
Kingdom [41], and a 42-day readmission rate of 39-59%
for patients discharged from a department of internal
medicine in Switzerland [42]. The differences probably
arise from variations in methods and definitions, study
criteria, and population groups with unplanned readmis-
sion. The differences may also be related to the quality
and organization of health care, and the availability of
social support services. In line with other studies, risk
factors associated with 30-day unplanned readmission
were male sex, older age, and lower socioeconomic
Table 1 Characteristics of patients according to types of hospital admission* in Hong Kong in 2007
Unplanned Readmission
n(Col %)
Other Admission
n(Col %)
Total
n(Col %)
P-value
†
(N = 56,329) (N = 281,365) (N = 337,694)
Age (n) 56,328 281,307 337,635 <0.001
(mean, SD) 75.2(14.6) 68.4(17.7) 69.5 (17.4)
Sex
Male 30,274(53.7) 147,684(52.5) 177,958(52.7) <0.001
Female 26,055(46.3) 133,681(47.5) 159,736(47.3)
Public assistance
‡
Yes 24,967(44.3) 78,954(28.1) 103,921(30.8) <0.001
No 31,362(55.7) 202,411(71.9) 233,773(69.2)
Lived in elderly home
Yes 19,462(34.6) 46,229(16.4) 65,691(19.5) <0.001
No 36,867(65.5) 235,136(83.6) 272,003(80.6)
Admitted cluster
Cluster 1 9,018(16.0) 42,536(15.1) 51,554(15.3) <0.001
Cluster 2 16,467(29.2) 81,699(29.0) 98,166(29.1)
Cluster 3 7,826(13.9) 35,170(12.5) 42,996(12.7)
Cluster 4 6,260(11.1) 35,727(12.7) 41,987(12.4)
Cluster 5 6,290(11.2) 31,615(11.2) 37,905(11.2)
Cluster 6 4,423(7.9) 26,824(9.5) 31,247(9.3)
Cluster 7 6,045(10.7) 27,794(9.9) 33,839(10.0)
Length of stay
Acute bed day (n) 56,324 281,343 337,667 <0.001
(mean, SD) 5.8(7.4) 5.0(7.4) 5.2(7.4)
Sub-acute bed day (n) 56,329 281,365 337,694 <0.001
(mean, SD) 0.8(9.8) 0.7(9.3) 0.7(5.2)
Total bed day (n) 56,324 281,343 337,667 <0.001
(mean, SD) 6.6(9.8) 5.8(9.3) 5.9(9.4)
Health Outcome
Live 51,312(91.1) 269,120(95.7) 320,432(94.9) <0.001
Dead 5,012(8.9) 12,223(4.3) 17,235(5.1)
*Hospital admissions were grouped into two types: (1) Unplanned readmission - the patient re-admitted again to hospital within 30 days after his/her last
hospital admission & (2) Other admission - included all other hospital admitted episodes except the unplanned readmission one.
†Chi-square tests/T-tests
‡only include those who are receiving assistance from the government such as Comprehensive Social Security Assistance (CSSA) in Hong Kong
Table 2 Health outcome (death %) in 10 medical
conditions of hospital unplanned readmission
Principal Diagnosis (ICD9) Total n(%)
Malignant neoplasms(140-208) 685(30.8)
Heart disease(390-429) 679(8.0)
Cerebrovascular disease(430-438) 192(13.1)
Pneumonia(480-486) 1,601(24.0)
Injury and poisoning(800-999) 48(5.5)
Nephritis nephritic syndrome and nephrosis(580-589) 269(15.1)
Diabetes mellitus(250) 16(1.8)
Chronic liver disease and cirrhosis(571) 37(16.4)
Septicaemia(038) 148(14.2)
Aortic aneurysm(441) 8(24.2)
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homes had a higher readmission rate than those dis-
charged to their own homes. This could be related to
this population being older and having a poorer health
status, with a need for more psychosocial support, but
could also be a reflection of the quality of care in elderly
homes. This problem of unplanned readmission from
elderly homes has been referred to as the “revolving
door syndrome” in one review [43]. An in-depth study
on the quality of care in elderly homes is needed to
address this issue. Our study also showed variations in
the unplanned readmission rates by geographical hospi-
tal cluster, with a higher rate of readmission in Clusters
1, 3 and 7, in which the patients were older and poorer,
and in need of residential care, thereby confirming the
value of demographic factors in predicting the risk of
readmission.
Our study showed that there was a significant differ-
ence in LOS and mortality rates between 30-day
unplanned readmissions and all other admissions. The
longer LOS and higher mortality rate suggests that
patients readmitted within 30-days of discharge had a
poorer functional status. After malignant neoplasms, the
top three high-mortality medical conditions were aortic
aneurysms, pneumonia, and chronic liver disease and cir-
rhosis. The results are in line with other studies suggest-
ing that these conditions were associated with higher
mortality as a result of unmet clinical needs and clinical
complications (e.g., the need for surgery, infection, post-
operative complications) [44-47]. However, Silber et al
found that the mortality rate may also be correlated with
the failure rate (the tendency for patients with complica-
tions to die) as well as unmet clinical needs and compli-
cation rate [48,49]. Thus, it seems that the ability to
discharge surviving patients who have experienced com-
plications represent two different complementary com-
ponents of quality that should both be identified when
assessing quality of care. Comparing the 10 medical con-
ditions, patients with cerebrovascular disease had the
longest LOS, especially in rehabilitation institutions,
probably because they required more residential medical
rehabilitation and psychosocial support before discharge.
While this medical condition had the longest hospital
stay, the OR of hospital readmission was, however, less
than 1. To maximize the quality of care, future studies
Table 3 Disease-specific* odd ratios
† of hospital
unplanned readmission
Principal Diagnosis OR(95% CI)
Malignant neoplasms 1.22(1.17-1.28)**
Heart disease 1.14(1.11-1.17)**
Cerebrovascular disease 0.45(0.42-0.47)**
Pneumonia 1.13(1.09-1.16)**
Injury and poisoning 0.85(0.79-0.91)**
Nephritis nephritic syndrome and nephrosis 1.01(0.96-1.07)
Diabetes mellitus 0.73(0.68-0.78)**
Chronic liver disease and cirrhosis 1.61(1.39-1.87)**
Septicaemia 1.19(1.11-1.30)**
Aortic aneurysm 0.59(0.41-0.84)**
*The classifications were based on the principal diagnosis of the admission
and the specific disease was compare to other diseases of the admission.
†All odd ratios were adjusted for age, gender, received any public assistant,
whether lived in elderly home, living district and cluster of admitted hospital
in Hong Kong.
**Significant at P < 0.05
Table 4 Hospital associated burden due to hospital unplanned readmission among 10 medical conditions*
Principal Diagnosis Mean(SD) los of total
bed
Mean(SD) los of acute
bed
Mean(SD) los of sub-acute
bed
US$(95% CI)
Malignant neoplasms 9.8(12.9) 8.5(11.0) 1.4(5.8) 1,683,692
(1,317,710-
2,032,617)
Heart disease 6.2(7.5) 5.6(5.8) 0.6(4.2) 3,199,418
(2,579,443-
3,803,393)
Cerebrovascular disease 9.9(13.2) 6.9(7.9) 3.0(9.7) —
Pneumonia 7.6(10.4) 6.4(7.5) 1.2(6.8) 2,353,652
(1,768,964-
2,920,557)
Injury and poisoning 7.4(10.7) 6.9(10.0) 0.5(3.7) —
Nephritis nephritic syndrome and
nephrosis
7.6(10.2) 7.1(9.2) 0.5(3.9) —
Diabetes mellitus 5.6(6.4) 4.9(4.3) 0.7(4.4) —
Chronic liver disease and cirrhosis 7.3(8.4) 7.0(7.5) 0.4(2.5) 292,627
(215,732-358,836)
Septicaemia 8.1(10.2) 7.3(8.5) 0.8(5.0) 605,398
(365,516-828,470)
Aortic aneurysm 8.2(8.9) 7.7(8.8) 0.5(1.9) —
*The attributable costs were calculated only for the diseases with the odd ratios of hospital readmission were greater than 1
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ease required a longer hospital stay but had lower
unplanned readmission rates, and whether a longer hos-
pital stay may facilitate better discharge planning, com-
munity support for psychosocial and rehabilitation care,
and subsequently lower readmission rates. Echoing this
thought, while patients with heart diseases had the short-
est hospital stay in both acute and rehabilitation care, the
OR of hospital readmission for heart diseases was greater
than 1. Thus, future studies may need to review whether
early discharge contributed to hospital readmission in
some conditions.
After controlling for significant patient risk factors and
geographical cluster, chronic liver disease and cirrhosis,
malignant neoplasms, septicaemia, and heart diseases had
high attributable risk for 30-day unplanned readmission.
Stroke, diabetes mellitus, injury and poisoning, and aortic
aneurysm had a lower attributable risk for 30-day
unplanned readmission. In the past 10 years, there have
been many hospital-based and community support pro-
grams introduced to help patients with stroke and diabetes
mellitus, including specific “stroke wards” to enhance the
rehabilitation of patients, and diabetes mellitus clinics to
provide more frequent post-discharge support for patients.
The outcomes indicate that a range of disease-specific pro-
grams can affect the rate at which patients are admitted
for a second time. It is surprising that heart disease still
ranks high in the 30-day unplanned readmission rates,
even though there are many in-hospital and community
programs established for such patients. The outcomes
may be related to the life-threatening nature of heart dis-
ease. Further study is needed to explore the relationship
between readmission rates and heart disease because the
disease code includes a number of distinct forms of heart
disease. For efficient use of resources in rehabilitation, it
would be desirable to identify the patients at risk of read-
mission, and focused care, including comprehensive dis-
charge planning, community support, and medical follow-
up, should be reviewed for the five medical conditions
with high risk-adjusted ORs for 30-day unplanned
readmission.
Finally, we found that the attributed cost of 30-day
unplanned readmission was high. The HA spent approxi-
mately US$8 million on unplanned readmissions within
30 days of discharge for five medical conditions in Hong
Kong 2007. With a conservative approach, an unchanged
readmission rate and inflation of 4.5%, it is projected that
the HA will spend US$13 million on 30-day readmissions
in 2017, with the cost being much higher when consider-
ing readmissions that occurred within 60 and 90 days.
Over 10 years, the projected cost increase is 63%, mainly
related to the growth of the Hong Kong population, which
is projected to increase from 6.9 million in 2007 to 7.5
million in 2017 [50], and HA expenditure on readmissions
in future could well exceed our current estimates. Across
the 10 common medical conditions, heart disease, pneu-
monia and malignant neoplasms contributed the greatest
financial pressure to the healthcare system. The patient
population and LOS were highest for heart disease (n =
8,450; LOS 6.2 days), pneumonia (n = 6,670; LOS 7.6
days), and malignant neoplasms (n = 2,225; LOS 9.8 days).
The expenditure could be markedly reduced by even small
changes in the readmission rate. Scrutiny of the factors
associated with these readmissions may lead to identifica-
tion of unmet clinical, educational, and psychosocial
needs. An audit of 811 readmissions concluded that hospi-
tal system factors accounted for 37%, followed by clinical
factors at 38%, and patient factors at 21% [32]. Once the
causes of readmission are defined, research can focus on
possible ways to improve the quality of care to reduce
readmission rates, and consequently reduce the costs of
readmission allowing relocation of resources.
Strengths and Weakness of the Study
The main strength of this research lies in its large popu-
lation from the CMS database of all public hospitals in
Hong Kong provided by the HA which is responsible
for 90% of hospital services in Hong Kong. The data are
cross checked for completeness and accuracy.
Several limitations of this review should be considered.
First, disease codes based on the primary discharge diag-
nosis were used, and the severity of disease and other
co-morbidities were not available. Also, there may be a
potential systematic difference or error in data entry of
codes, as error rates are higher with more specific diag-
nostic codes [51]. However, it was believed that errors
would be minimal in this study because all of the diag-
nostic codes were entered by the discharge physician.
Second, while we explored the health outcome for var-
ious medical conditions in relation to readmission, data
on the patients’ quality of life, health status, functional
status and satisfaction were unavailable. Finally, the cost
data were incomplete because we were unable to access
costs for follow-up, outreach community services, and
human and other resources across various medical condi-
tions; the overall costs may be higher than calculated.
Nevertheless, the hospital cost, which contributed to the
major portion of the total cost, was included.
Conclusions
Our findings show that patient characteristics and geo-
graphical hospital cluster are correlated with 30-day
unplanned readmission. After adjusting for these risk
factors, patients with cancer, heart disease, pneumonia,
liver diseases, and septicaemia were more likely to be
readmitted. Readmission rates were associated with a
longer hospital stay, higher mortality rate and greater
hospital cost. A reduction in the risk of readmission
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potential cost savings. To improve the quality of care,
variations in individual diseases should be investigated
with regard to the care process in hospitals and compre-
hensive discharge planning. Our findings indicate that a
review is required of the care process for patients with
malignant neoplasms, chronic liver disease and cirrhosis,
septicaemia, heart disease and pneumonia, which have
high readmission rates.
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